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Abstract 
This paper reports on a IC-Compatible fabrication process for Linear Variable Optical Filters (LVOF). Very small taper 
angles, ranging from 0.001o to 0.1o, can be fabricated flexibly in a resist layer by just one lithography step and a subsequent 
reflow process. The 3D pattern of resist structures is subsequently transferred into SiO2 by appropriate etching. Complete LVOF 
fabrication involves CMOS-compatible deposition of a lower dielectric mirror using a stack of dielectrics on the wafer, tapered 
layer formation and deposition of the top dielectric mirror. Design principle and processing plus experimental validation of the 
technique on the profile in resist and after transfer of the taper into SiO2 are presented. 
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1. Introduction 
Single-chip optical micro-spectrometers have huge potential in many applications, such as identification of bio-
molecules and in chemical analysis, because of their properties such as low-cost and low sample volume [1]. A 
small Linear Variable Optical Filter (LVOF) integrated with an array of optical detectors is a very suitable candidate 
for a high-resolution micro-spectrometer [2]. Spectral resolution of a Fabry-Perot interferometer is determined by 
surface flatness and mirror reflectivity, while spectral range for a Fabry-Perot type of LVOF, the thickness variation 
of the cavity layer has to be in order of quarter of the wavelength and very well-controlled, which makes fabrication 
of miniature LVOF’s a technological challenge. The LVOF is basically a one-dimensional array of many Fabry-
Perot (FP)-type of optical resonators. Rather than a huge number of discrete devices, the LVOF has a center layer 
(the resonator cavity) in the shape of a strip and a thickness that changes over its length. Dielectric mirrors are on 
either side. Figure 1 shows the process steps for the fabrication of a LVOF. 
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Fig. 1. Process flow for fabrication of LVOF. 
2. Fabrication 
2.1. Deposition of dielectric layers 
Table one shows the layers thicknesses required for a visible LVOF to cover the 570 to 720 nm wavelength range 
based on optical simulations. As the table shows the cavity layers thickness should vary between 850 nm and 1000 
nm to cover the desired wavelength range. The first step for fabrication of LVOF is to deposit dielectric mirrors, 
layers 1 to 5, and a thick oxide of 1050 nm, layer 6, on a 4 inch glass wafer. The thick oxide layer is tapered in 
subsequent process steps. A FHR MS 150 sputter tool has been used for deposition of the layers. The tool provides 
the possibility to deposit very good quality TiO2 and SiO2 films. The films can be deposited subsequently without 
breaking the vacuum. Thickness variation on the 4 inch wafer size is measured to be less than 2 % for both films. 
The films are optically characterized by ellipsometry and the data is used to retune the designed thicknesses. The 4 
inch glass wafer is diced into 2 cm * 2 cm pieces and further steps are done on them. 
Table 1. Layers thickness for a LVOF for 570 nm to 720 nm wavelength range. 
Layer Material Layer thickness 
TiO2 67 nm 
SiO2 112 nm 
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2.2. Fabrication of tapered cavity 
The SiO2 cavity layer is tapered in a IC-Compatible fabrication process. Initially, a tapered photoresist layer is 
formed by one step lithography and reflow of the resist. Subsequently, the topography of the tapered resist layer is 
transferred into SiO2 by RIE. With a single lithography step a pattern of trenches (or holes) is developed in a 
photoresist layer. The trench or holes size is 2 μm which is the minimum possible with the available lithography 
machine. The trench density defines the local amount of material removed (Fig. 2a) and is followed by reflow of this 
patterned photoresist to locally planarize the remaining strips of material (Fig. 1b). The result is an effective 
reduction of the resist layer thickness by a value defined by localized trench density. Hence a taper can be flexibly 
programmed by mask design to be from 0.001o to 0.1o. This enables simultaneous fabrication of tapered layers of 
different angle. The mask is designed based on a geometrical model and FEM simulations using COMSOL [3].    
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Process flow for fabrication of LVOF 
Two different types of photoresist have been used in the fabrication, AZ4562 and Shipley S1813. The reflow of the 
patterned resist is done in a simple setup. The samples with patterned resist on the dielectric stack are exposed to 
PGMEA solvent vapor heated to 50° C for 3 hours and heated on hotplate at 110° C for 10 min.  Figure 3 show 
profile scans on tapered AZ4562 resist layers. It can be seen that different slopes with the same initial thickness have 
been fabricated and the profile of the structures is smooth. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Profile of four 4 mm long tapered resist structures. 
 
The process for transferring the resist structure into SiO2 is optimized to get an optically smooth surface. The 
process uses a mixture of NF3 5 sccm, Ar 50 sccm and O2 30 sccm at 20 mTorr with 100 Watt. The etch rate of SiO2 
is 0.7 nm/sec and etch rate of the resist is 4.6 nm/sec which gives a resist/SiO2 etch ratio of  6.5. A laser is 
illuminated on the thickest part of the resist structure during etching and the reflection from the surface is measured. 
This will show exactly how much of the resist and SiO2 has been etched. Etching process is stopped after resist is 
finished in the thickest part and 50 nm of the SiO2 under it, is etched. Figures 4a and 4b show the video screen of the 
etching system before and during the etching. The dark and light strip pattern on the resist structure illustrates the 
slope shape. In Figure 4b resist has been etched from the thin part of the resist structure and etching of the SiO2 has 
started in those areas. 
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Fig. 4. Patterns, due to interference, illustrate the slope shape of the structures a) before start of etching b) during etching 
 
After etching the samples are cleaned in acetone and further by Oxygen plasma to remove remaining of photoresist. 
Second dielectric stacks, layers 7 to 14 from table 1, are deposited on the samples to complete the LVOFs. Figure 5 
shows the sample after this final step of fabrication. Each sample has several LVOFs with a different taper slope. 
 
 
 
 
 
 
 
 
Fig. 5. LVOFs after deposition of second dielectric stack. 
3. Conclusion 
LVOFs for wavelength range of 570 nm to 720 nm have been fabricated with a IC-Compatible process. The process 
includes a reflow process to fabricate a smooth taper layer in resist. Miniature LVOFs fabricated by this technique 
can be used in a microspectrometer. First measurement confirm basic operation and a complete characterization is 
on-going. 
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